SUMMARY A safe non-invasive technique for the measurement of gastric volume by real-time ultrasound is described. The application of this technique to the measurement of the emptying of liquid from the stomach is outlined. Gastric emptying of liquid was found to be log-linear, the mean half-life of emptying in 10 volunteers being 22.0±2.5 min. Ultrasound measurement of gastric emptying provides an opportunity to study the effects of drugs and disease on gastric motor function in man.
The rate of gastric emptying of orally administered drugs is recognised to be of great importance in controlling both the rate of drug absorption, and the peak plasma concentrations that result. The factors that alter gastric emptying rate will in turn influence these parameters.' Current techniques for the direct assessment of gastric emptying involve the swallowing of orogastric tubes or exposure of the subject to ionising radiation.2 There is thus a need for a non-invasive method for the measurement of gastric emptying which is safely repeatable in normal subjects. We have previously described the application of single beam ultrasound for the measurement of gastric contraction frequency.3 4 We have also outlined a simple but approximate method for the determination of stomach volumes by a hand-held real-time probe.5 Subsequently other workers have also reported the usefulness of real-time ultrasound in recording and measuring gastric contractions. 6 We now report the application of real-time ultrasound to (Fig. 1) . The volume of the stomach can thus be computed from the measurements of the areas of the cross-sectional images.
TECHNICAL DETAILS
A Toshiba SAL 20A real-time ultrasound scanner is interfaced with an Apple II + microcomputer and a video cassette recorder. The microcomputer allows data about the subject, the probe position, and the time to be superimposed on the ultrasonic images during video tape recordings. It also performs calculations of cross-sectional areas and volumes during subsequent playback.
The long axis of the stomach is first determined by the operator using the scanning probe 'free hand'. The probe is then placed in a gantry ( Fig. 2) which is adjusted to constrain the plane of the scan to remain perpendicular to the stomach's long axis. A potentiometer in the gantry mechanism permits the direct measurement of the position of the probe along this axis. A series of scans for a volume measurement are obtained by traversing the scanning probe along the axis of the stomach and recording the consecutive series of images directly onto video tape. This air-water interface within the stomach was investigated by including an air pocket of between approximately 20 and 100 ml in five of the balloons. equipment enables such scanning sweeps to be made along the full length of the stomach in 10 seconds or less.
The series of scans for each volume measurement are subsequently replayed from the tape. Since the probe position for each scan image is recorded on every frame of the video tape the cross-sectional areas of scans precisely 1 cm apart can be obtained by stepping through the tape sequence and freezing the required frame for computer graphic analysis. The position of the stomach wall is delineated by a graphics pen used by the operator, and the area of the stomach cross-section calculated by the microcomputer. The volume of the stomach is thus derived by summing the cross-sectional areas as described above (Fig. 1) .
ACCURACY
The accuracy of the volume measurement technique in the hands of the usual operator was assessed by scanning nine balloons containing known volumes of water. The potential source of error created by the
Results
The emptying of liquid from the stomach was log-linear. In 10 normal volunteers the half-life of emptying ranged between 9.0 and 40.1 min with a mean of 22-0±2.6 min. A single blind study to compare the effects of metoclopramide (10 mg) and saline on gastric emptying was performed in five volunteers. The drug or saline was given intravenously 10 minutes before the drink. The half-life of gastric emptying was diminished by metoclopramide in four of the five subjects (Table) , and the volume in the stomach at 40 minutes after the drink was significantly reduced (p<0.05) by metoclopramide (Fig. 3) .
Discussion
Ultrasound is considered to be safe, and the technique we describe is non-invasive and readily repeatable. It is therefore ideally suited for studying the effects of drugs and disease on the emptying of liquid from the stomach. Modern real-time scanners are not difficult to use and we have found that operators with no previous experience of their use can achieve high accuracy. Direct volume measurements can be made at frequent intervals after a single drink and precise estimates of gastric emptying may be thus obtained. Other aspects of gastric function may be investigated, in particular adaptive relaxation mechanisms and the frequency and amplitude of gastric contractions.
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